We predict and "nd that "rms use annual grants of options and restricted stock to CEOs to manage the optimal level of equity incentives. We model optimal equity incentive levels for CEOs, and use the residuals from this model to measure deviations between CEOs' holdings of equity incentives and optimal levels. We "nd that grants of new incentives from options and restricted stock are negatively related to these deviations. Overall, our evidence suggests that "rms set optimal equity incentive levels and grant new equity incentives in a manner that is consistent with economic theory.
Introduction
Beginning with Jensen and Meckling (1976) and Demsetz and Lehn (1985) , researchers have hypothesized that optimal equity ownership incentives vary with "rm characteristics. Although empirical research supports these predictions for the level of equity incentives, there is mixed empirical evidence on whether "rms' grants of equity incentives are consistent with economic theory of optimal contracting (e.g., Yermack, 1995; Ofek and Yermack, 1997) . We reexamine "rms' grants of equity incentives using more comprehensive measures of equity incentives, improved empirical methods, and more carefully-constructed hypotheses.
Overall, our evidence suggests that "rms set optimal equity incentive levels and grant stock options and restricted stock in a manner that is consistent with economic theory. Following prior research on the determinants of managerial ownership (e.g., Demsetz and Lehn, 1985) and on the determinants of equity compensation (e.g., Smith and Watts, 1992) , we develop a cross-sectional model for the optimal level of CEO equity incentives. We "nd that the optimal portfolio of incentives from stock and options varies with hypothesized economic determinants such as "rm size, growth opportunities, and proxies for monitoring costs. Over time, CEOs' holdings of equity incentives can become misaligned with optimal levels, either because the optimal levels shift or because of changes in the incentives provided by CEOs' stock and option portfolios. We use the residual from our regression model of CEOs' optimal level of equity incentives to measure the extent to which a CEO's incentives deviate from the optimal level. Consistent with "rms using stock-based compensation e!ectively, we present evidence that "rms actively manage grants of new equity incentives to CEOs in response to deviations from an optimal level of equity incentives. This result is robust to several alternative speci"cations of our models, as well as to controlling for reasons why "rms use stock compensation as a substitute for cash compensation and to controlling for expected CEO trading behavior.
This study di!ers from previous work in two primary ways. First, our theory and empirical tests model separately the determinants of CEOs' portfolio holdings of equity incentives and new grants of equity incentives. This two-stage approach represents a departure from studies such as Yermack (1995) , Bryan et al. (1999) , and Janakiraman (1998) . These studies use annual grants of stock options as a proxy for both new grants of equity incentives and the level of the CEO's incentive holdings. In contrast, we argue that the determinants of new equity grants to CEOs di!er from the determinants of optimal equity ownership levels. Speci"cally, we hypothesize that the use of new incentive grants depends upon the deviation between optimal incentive levels and CEOs' existing incentive levels, "rms' desire to pay compensation in stock and options, and the bene"ts of deferred compensation.
Exceptions are Bizjak et al. (1993) and Palia (1998) . Murphy (1985) , Jensen and Murphy (1990) , and Hall and Liebman (1998) have constructed measures of CEOs' total portfolio incentives, but focus on the magnitude of these incentives, not their determinants in equilibrium.
The incentives provided by new grants of options are a noisy proxy for the incentives from the CEO's portfolio holdings of options, as the two variables have a correlation of roughly 0.50 (Core and Guay, 1999) .
Second, we use more comprehensive measures of equity incentives than have been used in prior research. We measure a CEO's holdings of equity incentives as the total incentives provided by his portfolio of stock and options. In contrast, most research on the cross-sectional determinants of managers' equity incentives uses only managers' stockholdings (or bene"cial ownership) as a proxy for equity incentives. We "nd that the explanatory power for our measure of total incentives is substantially greater than for an incentive measure that consists solely of CEOs' stockholdings. Further, our measure of incentives from options encompasses the CEO's entire portfolio of options. Due to data limitations, studies that incorporate option incentives often use the incentives from new option grants as a proxy for the CEO's portfolio of option incentives, as in Yermack (1995) and Palia (1998) . Finally, our proxy for newly granted equity incentives includes both options and restricted stock. Failure to capture all the components of CEOs' equity incentives results in measurement error that can either reduce the power of the researcher's tests or lead to spurious inferences.
The remainder of this paper is organized as follows. In Section 2, we de"ne our measure of equity incentives, develop a model for the optimal level of incentives, and predict that deviations from this level will a!ect grants of equity incentives. We describe the data in Section 3, and present the results of our tests in Section 4. We provide sensitivity tests of our results in Section 5. In Section 6, we provide a summary and concluding remarks.
Hypothesis development and empirical speci5cation
We hypothesize that there exists an optimal level of equity incentives for a "rm, and that "rms use grants of stock and options to adjust portfolio incentives to the optimal level. We predict that new grants of equity incentives are negatively associated with the degree to which the CEO's portfolio incentives exceed the optimal level.
Over time, managers' equity incentives become misaligned with the optimal incentive level. One reason is that "rm characteristics and manager characteristics that drive optimal incentive levels change with time. Another reason is that managers periodically sell and purchase stock, and exercise options. Finally, the Due to managers' risk-aversion and the non-transferability of employee stock options, managers are likely to exercise sooner than is assumed by the Black}Scholes}Merton model (see Huddart, 1994; Cuny and Jorion, 1995) . Adjusting the Black}Scholes model to accommodate these di!erences is not straightforward. It is important to note that a manager's utility increases with stock price regardless of whether the manager expects to exercise early, and that, for most parameter values, the sensitivity of option value to stock price for a 5-year option is not substantially di!erent from that of a 10-year option. For example, the per option sensitivity of an at-the-money 10-year option is 0.76 for a stock with volatility of 0.3 and dividend yield of 1% when the risk-free rate is 6%. The per option sensitivity decreases to 0.72 if the maturity of the option is reduced to "ve years. incentives provided by a given portfolio of stock and options change over time. For example, the incentives provided by an option portfolio vary with stock price, stock}return volatility, and the time remaining until the options expire.
In the following section, we de"ne our measures of the incentives provided by options and stock. To test our joint hypothesis that "rms increase or decrease their annual incentive grants to maintain an optimal incentive level, we "rst develop a model in Section 2.2 for the optimal level of equity incentives held by a CEO at a point in time. We use the residuals from this model as an estimate of the deviation between the CEOs' existing incentives and the optimal level of incentives. We predict that these residuals are negatively related to new grants of equity incentives to CEOs in the following year. In Section 2.3 we de"ne a model for grants of equity incentives that provides the basis for our joint hypothesis test.
Dexnition of CEO equity incentives
We de"ne equity incentives as the change in the dollar value of the CEO's stock and options for a 1% change in the stock price. It is straightforward to compute this measure of incentives for stockholdings, because stock value increases by 1% for each 1% increase in the stock price. Computation of the incentives provided by options is more complex because the percentage increase in the value of an option is less than the percentage increase in the stock price, and depends upon the parameters embedded in the option contract.
Consistent with prior research by Jensen and Murphy (1990) , Yermack (1995) , and Hall and Liebman (1998) , we estimate the sensitivity of an option's value to the stock price as the partial derivative of option value with respect to price (the option`deltaa). Like this prior research, we assume that the appropriate riskneutral valuation for an executive stock option is given by the Black}Scholes (1973) model, as modi"ed by Merton (1973) to account for dividend payouts. The delta for a typical, newly granted, long-term executive stock option is approximately 0.75, which means that the option value increases by $0.75 when the stock price increases by $1.00. To transform this option delta into the dollar A recent exception is Himmelberg et al. (1999) who examine both measures of managerial incentives. change in the value of the option for a 1% change in the stock price, we multiply the option delta by 1% of the "rm's stock price.
We estimate the total incentives from the CEO's option portfolio as the sum of the deltas of each option held by the CEO multiplied by 1% of price, and the total incentives provided by an option grant as the sum of the deltas of each option granted multiplied by 1% of price. Details of this computation are provided in Appendix A (Section A.1). We measure a CEO's portfolio equity incentives by adding the total incentives from the CEO's option portfolio to 1% of the value of the CEO's holdings of stock and restricted stock. Similarly, we measure the incentives provided by a new grant of options and restricted stock by adding the total incentives from the option grant to 1% of the value of the grant of restricted stock.
In contrast to our measure of total CEO equity incentives as the dollar change in CEO wealth for a percentage change in "rm value, most prior researchers have focused on the dollar change in CEO wealth for a dollar change in "rm value (e.g., Demsetz and Lehn, 1985; Jensen and Murphy, 1990; Yermack, 1995) . When computed for stockholdings only, the change in CEO wealth for a dollar change in "rm value is proportional to the fraction of shares outstanding owned by the CEO. The dollar change measure can be converted to a percentage change measure by multiplying it by the market value of the "rm. For example, Jensen and Murphy (1990) and later Yermack (1995) estimate the sensitivity of the CEO's holdings of stock and options to stock price with respect to a $1,000 dollar change in the value of common stock. As such, our measure is equal to the Jensen and Murphy measure multiplied by the market value of the "rm, and divided by $100,000.
Although the two measures di!er in how they are de#ated, the important distinction between these measures is the di!ering underlying assumptions about what drives incentives. The Jensen}Murphy measure assumes that incentives increase with a manager's fractional ownership of the "rm, whereas our measure assumes that incentives increase with a manager's dollar ownership of the "rm.
Recent research discusses the relative advantages of these two measures of CEO incentives. Haubrich (1994) and Hall and Liebman (1998) argue that managerial risk-aversion and wealth constraints imply that managers can have powerful incentives with even small fractional shareholdings. Baker and Hall (1998) argue that how CEO actions are assumed to a!ect "rm value determines which measure is more appropriate. For example, when CEO actions primarily a!ect "rm dollar returns (such as perquisite consumption through the purchase of a corporate jet), the appropriate measure of CEO incentives is his percentage holding in the "rm. In contrast, when CEO actions primarily a!ect "rm percentage returns (such as the implementation of "rm strategy), the appropriate measure of CEO incentives is his dollar holding in the "rm (Baker and Hall, 1998) .
We use the change in CEO wealth for a 1% change in "rm value as the primary incentive measure in our reported results. Because Baker and Hall (1998) "nd that this incentive measure increases at a decreasing rate with "rm size, and consistent with Himmelberg et al. (1999) we use the logarithmic transformation of this measure in our tests. In Section 5.4, we provide evidence that the inference with respect to our joint hypothesis is unchanged when we use the Jensen and Murphy (1990) fractional holdings measure of incentives.
Determinants of the level of CEOs' portfolio holdings of equity incentives
To specify a model for CEOs' portfolio holdings of equity incentives, we draw upon two bodies of research. The "rst includes work by Demsetz and Lehn (1985) , Jensen (1986) , Palia (1998), and Himmelberg et al. (1999) on the determinants of managerial ownership. The second body of research, including work by Smith and Watts (1992) , Gaver and Gaver (1993) , and Yermack (1995) , examines the determinants of stock-based compensation. Demsetz and Lehn (1985) hypothesize that managerial equity ownership is related to "rm size and monitoring di$culty. They argue that there is an optimal "rm size and optimal level of managerial ownership given the "rm's factor inputs and product markets. If the optimal "rm size is large, the dollar cost of a "xed proportionate equity ownership is also correspondingly large. Thus, larger "rms are hypothesized to exhibit a lower percentage ownership. Since we model equity incentives due to stock ownership as a function of managers' dollar ownership, we expect that the level of equity incentives will increase at a decreasing rate with "rm size.
In addition, larger "rms require more talented managers who are more highly compensated (Smith and Watts, 1992) and consequently are expected to be wealthier (Baker and Hall, 1998) . Under the typical assumption that managers' utility functions exhibit declining absolute risk aversion (constant relative risk aversion), we expect that CEOs of larger "rms will have higher equity incentives (Baker and Hall, 1998; Himmelberg et al., 1999) . Both Baker and Hall (1998) and Himmelberg et al. (1999) "nd that CEO portfolio incentives increase at a decreasing rate with "rm size. Following Demsetz and Lehn (1985) and Baker and Hall (1998) , we use the logarithm of the market value of equity as a proxy for "rm size.
Demsetz and Lehn hypothesize that "rms operating in less predictable, or noisier, environments have higher monitoring costs. Because of these higher monitoring costs, Demsetz and Lehn argue that "rms operating in To proxy for noise, empirical researchers have used both total risk (e.g., Demsetz and Lehn, 1985; Palia, 1998) and idiosyncratic risk (Demsetz and Lehn, 1985; Himmelberg et al., 1999) . Since total return variance and idiosyncratic return variance are highly correlated, our empirical results are qualitatively the same with either measure (see also Demsetz and Lehn, 1985) . To the extent that market risk can be "ltered out of performance measures, idiosyncratic risk is the theoretically superior measure (Holmstrom, 1982) . noisier environments will exhibit a higher concentration of ownership, but that managerial risk aversion implies that ownership levels will increase at a decreasing rate with noise. Following Demsetz and Lehn, we use idiosyncratic risk as a proxy for noise that increases monitoring costs. We measure idiosyncratic risk as the standard deviation of the residual from a 36-month market model regression, and predict a positive association between this variable and the level of equity incentives. Because incentives are expected to increase at a decreasing rate with noise, we capture the expected concave relation between increases in noise and increases in incentives by using a logarithmic transformation of idiosyncratic risk.
Extending the results of Demsetz and Lehn (1985) , subsequent researchers have identi"ed and examined additional determinants of variation in optimal levels of managerial ownership. Smith and Watts (1992) hypothesize and "nd a positive relation between "rm's growth opportunities and the degree to which "rms use equity incentives to tie a manager's wealth to "rm value. Similar to the intuition behind Demsetz and Lehn's (1985) predicted relation between noise and managerial incentives, Smith and Watts hypothesize that the prevalence of growth options makes it more di$cult for shareholders or outside board members to determine the appropriateness of managers' actions. The use of equity-based compensation such as stock options or restricted stock lowers monitoring costs by providing managers with incentives to maximize shareholder value. Gaver and Gaver (1993) , Mehran (1995) , Palia (1998), and Himmelberg et al. (1999) provide additional support for this hypothesis by documenting a positive association between proxies for growth opportunities and CEOs' equity incentives. Following Smith and Watts (1992) , we use the book value of assets divided by the market value of assets as a proxy for growth opportunities, and expect that "rms with higher growth opportunities will have lower book-to-market ratios. Jensen (1986) argues that the combination of low growth opportunities and high free cash #ow creates agency problems that can be mitigated with higher levels of equity incentives. Palia (1998) and Himmelberg et al. (1999) "nd a positive association between operating income (as a proxy for free cash #ow) and managerial ownership. Thus, ceteris paribus, managerial ownership and free cash #ow are expected to be positively related for "rms with low growth opportunities. Following Lang et al. (1991) , we measure the free cash #ow problem as the three-year average of operating cash flow!common and preferred dividends total assets if the "rm has a book-to-market assets ratio greater than one (a proxy for low growth opportunities), and zero otherwise. We predict a positive relation between CEO tenure and incentive levels. One intuition for this prediction is that, over time, uncertainty about a CEO's ability is resolved. As the risk borne by the CEO due to uncertainty about his ability is reduced, it is possible to impose more incentive risk on him, ceteris paribus (Gibbons and Murphy, 1992; Milbourn, 1998) . Further, as CEOs approach retirement, increased equity incentives can be used to counteract potential horizon problems (Dechow and Sloan, 1991) . Finally, CEO tenure may serve as a proxy for CEO wealth (Guay, 1999) . Palia (1998) "nds an increasing relation between CEO experience and CEO equity incentives. We use the logarithm of the manager's tenure as CEO as a proxy for experience and potential horizon problems.
Finally, we include 19 industry indicator variables in the speci"cation to control for industry e!ects. Our annual model for the level of equity incentives held by the CEO is summarized as:
(1)
Determinants of grants of CEO equity incentives
We predict that "rms use grants of stock-based compensation to adjust portfolio incentives to the optimal level. Since we assume that the optimal level of a CEO's portfolio equity incentives is approximated by Eq. (1), a negative (positive) residual, ( GR\ , from this model indicates that a CEO's incentives are below (above) the optimal level, and that a larger (smaller) incentive grant is expected in year t.
If "rms use restricted stock and options as a substitute for cash compensation, it is important that we control for this use in our empirical tests. Although it is generally ine$cient to compensate a risk-averse agent for past performance with From the employee's perspective, deferred compensation such as restricted stock and options always provides higher after-tax returns (before adjusting for risk) than a cash payment of equal value because taxes on the return are deferred (Smith and Watts, 1982) . risky claims (such as stock options or restricted stock), there are countervailing bene"ts to using stock-based compensation instead of cash. Reductions in contracting costs can o!set the costs of compensating a risk-averse CEO with restricted stock and options. Speci"cally, "rms may prefer to give stock-based compensation rather than cash because of cash and "nancing constraints (discussed below); because grants of options and restricted stock are not subject to the US Internal Revenue Code section 162(m) one million dollar limit on the tax-deductibility of "xed cash pay; because stock option grants are not expensed for "nancial reporting purposes (Matsunaga, 1995) ; or because stock options are a less visible means of increasing executive pay`in the face of public opposition to high pay levelsa (Hall and Liebman, 1998) . Indirect evidence suggests that "rms pay part of the CEO's compensation with equity (e.g., Murphy, 1998) , and there is empirical evidence that stock-based compensation is higher when "rm performance is higher (e.g., Baber et al., 1996) . The short vesting schedules on restricted stock and options (Kole, 1997) are consistent with "rms wanting to make these grants available for compensatory purposes.
If "rms deliver a portion of CEO total compensation through equity compensation, we predict that the average level of stock-based compensation will be higher when total compensation is higher. Following Smith and Watts (1992) , we expect that the demand for a high quality CEO, and thus the level of CEO compensation, is positively associated with growth opportunities and "rm size, and that it re#ects industry di!erences. Consistent with many other studies of CEO compensation levels (e.g., Smith and Watts, 1992) , we measure "rm size with log(sales), and growth opportunities with the book-to-market ratio. Further, we control for the potential association between total CEO compensation and "rm performance (Baber et al., 1996) by including current year and prior year stock returns.
Because grants of stock options and restricted stock require no contemporaneous cash payout, "rms with cash constraints are expected to use these forms of compensation as a substitute for cash pay (Yermack, 1995; Dechow et al., 1996) . Further, when future corporate tax rates are expected to be higher, the future tax deduction from deferred compensation becomes more favorable relative to the immediate tax deduction received from cash compensation. Therefore, ceteris paribus, the use of stock-based compensation is expected to be less costly for "rms with low marginal tax rates. In support of these hypotheses, Yermack (1995) , Matsunaga (1995) , and Dechow et al. (1996) "nd that the use of stock options is greater when "rms have lower free cash #ow and higher net operating loss carry-forwards. We measure the degree of cash #ow shortfall as
We model log(New incentive grant#1) as a linear function of the residual, where the residual is equal to log(actual incentives/optimal incentives). This model is equivalent to modeling a correction to a percentage deviation, i.e., the new incentive grant is equal to (actual/optimal)@!1. the three-year average of [(common and preferred dividends#cash #ow used in investing activities!cash #ow from operations)/total assets]. As a proxy for "rms' marginal tax rate, we use an indicator variable equal to one if the "rm has net operating loss carry-forwards in any of the previous three years, and zero otherwise.
Another potential reason for why "rms substitute stock option compensation for cash compensation is that cash compensation is expensed whereas the value of stock option grants is only disclosed in the footnotes to the "nancial statements. Thus, we expect that "rms that are constrained with respect to earnings will grant more stock options, ceteris paribus. As a proxy for earnings constraints, we follow Dechow et al. (1996) , and use the extent to which a lack of retained earnings constrains the "rm's ability to pay dividends and make stock repurchases. We categorize a "rm as dividend constrained if [(retained earnings at year-end#cash dividends and stock repurchases during the year)/the prior year's cash dividends and stock repurchases], is less than two in any of the previous three years. If the denominator is zero for all three years, we also categorize the "rm as dividend constrained. The lack of dividend payments or stock repurchases is consistent with the "rm being either earnings constrained or cash constrained.
The foregoing arguments suggest a model for grants of equity incentives that includes the incentive residual calculated using Eq. (1) and control variables for "rms' use of stock compensation in lieu of cash compensation. We measure grant size as the logarithm of the equity incentives provided by the grant plus one. Our model for new grants of equity incentives to the CEO is
Note that our main hypothesis is una!ected by whether or not "rms also use equity grants as compensation. Our prediction is that "rms require CEOs to maintain the optimal level of incentives, and that "rms vary their grants to manage this optimum. If other frictions lead "rms to grant additional stock and
We begin the sample in December 1992 because consistent disclosure of option portfolios began at this time. We use the CEO in o$ce at the end of the "scal year. In the 112 cases in which a "rm has more than one individual with the title of CEO, we drop the individual with the lower cash compensation in order to concentrate our tests on the more important decision-maker. options as compensation, then "rms will allow CEOs to exercise and sell stock and options so long as the aggregate amount of these sales are roughly equal to the proportion of the stock and options that have been granted as compensation. In Section 4.2, we show that the negative relation between the CEO's deviation from the optimal incentive level and new grants of incentives holds regardless of whether we control for the potential for "rms to use stock compensation in lieu of cash. If the CEO receives stock and options as compensation, and if his trading behavior is such that he does not continuously rebalance his portfolio gains to recognize this compensation, the CEO can be above (below) the optimal level because his grants of equity compensation are greater than (less than) his sales of equity compensation. Such trading behavior by the CEO would cause measurement error in our estimate of the optimal level of CEO incentives. In sensitivity analysis discussed in Section 5.3, we show that our inferences are una!ected if we control for the CEO's expected trading behavior.
Sample and variable measurement
In this section, we describe our sample selection process and the data we use to test our hypotheses. Our data come from three sources. We obtain data on CEO option and stock holdings and option and restricted stock grants from Standard and Poor's Execucomp database. CRSP data are used to generate measures of stock-return volatility and treasury bond yields. We use Compustat as the source for "rms' "nancial data and industry classi"cations.
Sample selection
We obtain a sample of CEOs from the Execucomp database. Restricting our attention to non-"nancial "rms, we begin with an initial sample of 7,121 CEO-year observations from December 1992 through December 1997. We eliminate 391 and 287 observations due to missing CRSP and Compustat data, respectively, and 240 observations missing CEO option portfolio data. The "nal sample consists of 6,214 CEO-year observations from 1992 to 1997. We test our hypotheses in two stages. In the "rst stage, we use 5,352 CEO-year observations from 1992 to 1996 to estimate the optimal level of CEO incentives. In the second stage, we use the 4,431 CEO-years from 1993 through 1997 where data are Since the incentive e!ects of new option grants can change between the grant date and the "scal year end, an argument can be made that the incentive e!ects of new option grants should be measured using the year-end stock price. However, using the year-end stock price generates a mechanical relation between the incentive e!ects of the grant and current year "rm performance (current year performance is an explanatory variable in our Eq. (2)). We report results using grant date stock price to avoid inducing this mechanical relation. However, with the exception of a more positive coe$cient on current year stock return, the estimation of Eq. (2) is not sensitive to alternatively using the year-end stock price to estimate new grant incentives. available on the CEOs' equity incentives in the previous year to examine the relation between beginning-of-the-year deviations from optimal incentive levels and incentive grants during the year.
Variable measurement
As discussed above in Section 2.1, we de"ne equity incentives as the sensitivity of stock and option value to a 1% change in stock price. To estimate models (1) and (2), we require measures of portfolio equity incentives at the end of year t!1 and new equity incentives granted during year t, respectively. New equity incentives granted during year t are equal to the sum of the incentives provided by grants of restricted stock and the incentives provided by grants of options. To measure the incentives from option grants, we estimate the sensitivity of the Black}Scholes value of the grant to a 1% change in the grant date stock price. The six inputs to the Black}Scholes model (stock price, exercise price, time-tomaturity, expected stock}return volatility, expected dividend yield, and the risk-free rate) are readily accessible for CEOs' newly granted options. The quantity of options in the new grant, the grant-date stock price, the exercise price, and time-to-maturity are disclosed in the "rm's annual proxy statement for the top "ve executives and are available from the Execucomp database. We measure the expected stock}return volatility as the standard deviation of daily stock returns over the 120 trading days preceding the end of the "scal year in which the grant was made. Expected dividend yield is estimated as cash dividends paid in the "scal year the grant is made divided by year-end stock price. We use the treasury-bond yield corresponding to the option's remaining timeto-maturity to estimate the risk-free rate. We measure new incentives from restricted stock grants as the value of the stock grant multiplied by 1%.
Estimating total portfolio incentives from stock and options at the end of a given year t!1 is more complicated. Although the incentives provided by portfolio holdings of stock are easily estimated by multiplying year-end stock value by 1%, full disclosure of the characteristics of executives' portfolio of options is beyond the scope of existing proxy reporting requirements. To avoid the cost and di$culty of collecting option data from multiple proxy statements, we use the methods developed by Core and Guay (1999) to estimate option The standard errors in the pooled regression in Table 2 will be overstated if there is serial correlation or cross-sectional dependence in the residual. However, the inferences from the coe$cients obtained from each of the annual cross-sectional regressions are the same as those reported in Table 2 , indicating that our pooled regression results for Eq. (1) are not a!ected by serial correlation. Further, a Fama}MacBeth regression procedure yields inferences that are identical to the pooled results, indicating that the inference from Eq. (1) is not a!ected by cross-sectional dependence. portfolio incentives. This method has the convenient feature of requiring information from only the most recent proxy statement. To summarize their procedure, the incentives from newly granted options in year t!1 are estimated directly as described above using the stock price at the end of year t!1, and the incentives from previously granted options at the end of year t!1 are measured using estimates of average exercise price and average time-to-maturity. The details of this method are summarized in Appendix A (Section A.2). Core and Guay (1999) show that this method yields estimates of option portfolio sensitivities that are e!ectively unbiased and 99% correlated with the measures that would be obtained if the parameters of a CEO's option portfolio were known. Table 1 presents descriptive statistics for portfolio equity incentives and their hypothesized determinants. The median change in CEO wealth for a 1% change in stock price is $117,000, and this variable is substantially skewed (mean"$558,000). As discussed above, we use the logarithmic transformation of this measure in our tests. Log(portfolio equity incentives) is much less skewed, with a mean of 11.68 and median of 11.67. To mitigate the in#uence of outliers, the upper and lower-most percentiles for each explanatory variable are set equal to the values at the 1st and 99th percentiles in each year, respectively. We report correlations between the explanatory variables in Panel B. With the exception of the large negative correlation between log(MV equity) and log(idiosyncratic risk), all of the correlations are below 0.3 in magnitude.
Results

The level of CEOs' portfolios of equity incentives
The results in Table 2 indicate that the levels of CEO equity incentives are well-explained by the theory outlined in Section 2.2. We "rst present the results of an ordinary least squares estimation of Eq. (1) with 19 indicator variables to control for industry e!ects. The adjusted R is 47.8%, indicating that the model explains a substantial proportion of the cross-sectional variation in equity incentives. Although the residuals we use in the second-stage tests are based on individual annual regressions, for parsimony, we present in Table 2 the results of a regression pooled over the "ve sample years from 1992 to 1996 with year indicator variables. With the exception of free-cash-#ow problem, the The sample consists of 5,352 CEO-year observations from 1992 to 1996. Portfolio equity incentives is the sensitivity of the total value of stock and options held by the CEO to a 1% change in stock price, and is measured at "scal-year end. Log(market value of equity) is the logarithm of the market value of the "rm's equity in millions of dollars. Log(idiosyncratic risk) is the logarithm of the standard deviation of the residual from a market model regression estimated over 36 months of returns ending with the "scal year-end (subject to a minimum of 12 monthly returns). Book-tomarket is (book value of assets)/(book value of liabilities#market value of equity). Log(CEO tenure) is the logarithm of CEO tenure in years. Free-cash-#ow problem is equal to zero if the book-tomarket ratio is less than one, and is the three-year average of [(cash #ow from operations ! common and preferred stock dividends)/total assets], otherwise. All variables are measured at or for the "scal year-end corresponding to the year end when portfolio equity incentives are measured.
coe$cients on all of the explanatory variables are statistically signi"cant and of the predicted sign. The positive coe$cients on log(MV equity) and log(idiosyncratic risk) are signi"cantly less than one, indicating that CEO incentives increase at a decreasing rate with "rm size and noise in the operating environment, as predicted by Demsetz and Lehn (1985) . The positive associations between portfolio equity incentives and growth opportunities and CEO tenure are consistent with the "ndings of Smith and Watts (1992) and Palia (1998) .
Much prior work on equity incentive levels focuses solely on stock ownership. To compare our results with this literature, we re-estimate Eq. (1) after excluding stock option incentives from the dependent variable. The inference from the The sample consists of 5,352 CEO-year observations from 1992 to 1996. t-statistics (in parentheses) are based on OLS standard errors. Stock and option incentives (the dependent variable in Column 1) is the logarithm of the sensitivity of the total value of stock and options held by the CEO to a 1% change in stock price. Stock incentives only (Column 2) is the logarithm of the sensitivity of the value of the stock held by the CEO to a 1% change in stock price. Both variables are measured at "scal year-end. All other variables are de"ned in Table 1 . Coe$cients on 19 industry indicator variables and 4-year indicator variables not shown.
Stock incentives onlya regression is consistent with the results in Column 1. However, the adjusted R-squared value of 28.7% is substantially lower than in the speci"cation that includes stock options. This lower explanatory power suggests that the sensitivity of CEO stockholdings to stock price is a less precise measure of CEO equity incentives than our measure that combines the incentive e!ects of stock and options.
Grants of CEO equity incentives
We use the residuals from individual annual estimations of Eq. (1) to estimate the extent to which a CEO's equity incentives deviate from the optimal level, and predict a negative relation between residuals estimated at the end of year t!1 and the equity incentives provided by new grants of stock options and restricted stock in the following year t. In addition, our regressions control for Measuring optimal incentive levels at the end of year t would introduce information into the incentive residual that was not predetermined at the time of the grant (unless the grant was made exactly at the end of year t). In this case, we could induce a mechanical correlation between the incentive residual and the grant.
One reason we focus on equity incentives is that they can be measured much more reliably than these other incentives, especially implicit incentives, which are extremely di$cult to measure. the relation between equity grants and (1) the determinants of the level of CEOs' total compensation; and (2) the determinants of the use of deferred compensation.
Note that the speci"cation of Eq.
(2) relates incentive grants during year t to the incentive residual at year-end t!1. By measuring the incentive residual at year-end t!1, we assume that "rms measure the optimal level of incentives as of the end of a "scal year and use this information to vary grant size in the following year. If "rms adjust incentives continuously throughout the year, actual and optimal incentive levels will be identical and no association is expected between incentive grants during year t and the incentive residual at year-end t!1. However, information gathering and processing costs prevent "rms from continuously correcting deviations from optimal incentive levels. For example, estimating a CEO's optimal incentive level requires comparison compensation data from other CEOs at similar "rms. This data is made publicly available only once each year when the proxy statement is disclosed. Moreover, it is costly for the "rm and its compensation committee to gather and analyze this information, and it would be very costly to correct deviations on even a monthly basis. As a result, we expect that adjustments to incentive levels are made relatively infrequently, and that the annual adjustment window we examine is reasonable. In support of this view, we "nd that "rms make more than one equity grant to their CEO in less than 10% of the "scal years we examine.
If "rms make grants at the beginning or middle of the year, the incentive residual at year-end t!1 is expected to be a relatively timely estimate of the deviation from optimal incentive levels. To the extent that "rms make grants late in the year, it is possible that our estimate of the deviation from the optimal level will be stale (either because "rm characteristics or the CEO's incentives have changed during the year), and therefore measure the deviation from optimal incentives with error. This error will reduce our ability to "nd a signi"cant association between the residual and grant size.
If we have mis-measured the dependent variable in Eq. (1) or omitted any relevant independent variables, we could induce a spurious relation between the year t!1 incentive residual and the year t grant. By concentrating on equity incentives, we measure total incentives with error because we do not consider implicit incentives (for example, the threat of termination and other implicit incentives discussed by Kole, 1997) and explicit incentives provided by cash compensation plans. As long as the use of these other incentives is ceteris
As an example of spurious evidence in favor of our hypothesis, consider a "rm that consistently provides incentives in year t!1 by making a promise of a restricted stock grant in year t. For this "rm we would understate the dependent variable in Eq. (1) at year-end t!1 and overstate the grant in year t. As a result, there would be a spurious negative correlation between the residual and the grant. As an example of spurious evidence against our hypothesis, consider a "rm that provides &equity' incentives with cash long-term incentive plans that have the same payout structure of a stock option. For this "rm, we would consistently understate the dependent variable in Eq. (1) at year-end t!1 and also understate the incentive grant during year t. As a result, there would be a spurious positive correlation between the residual and the grant. paribus similar across "rms, this omission introduces unsystematic error that reduces the power of our tests. However, if "rms use other implicit or explicit incentives as a substitute for equity incentives, and there is predictable variation in this use not captured by the independent variables in Eq. (1), then the measurement error in our dependent variable is systematic. In this case, the residual we use in the second-stage estimation will also contain systematic measurement error, which could induce spurious evidence either in favor of or against our hypothesis.
Although it is not possible to eliminate the potential for omitted variables bias, we are careful to include in Eq. (1) the variables suggested by prior research as the economic determinants of equity incentive levels. Moreover, our estimation results of Eq. (1) are consistent with economic theory and the "ndings of prior research. Finally, as discussed in Section 5.1, our results in estimating Eq.
(2) are robust to several alternative speci"cations of Eq. (1), including a "rme!ects estimation. The "rm-e!ects speci"cation controls for systematic measurement error in the dependent variable and omitted "rm-speci"c characteristics that are constant through time (such as "rm-speci"c di!erences in compensation policies and di!erences in monitoring technology). Table 3 presents descriptive statistics on new grants of equity incentives and the incentive residuals, as well as a correlation matrix of the explanatory variables. In 74% of the 4,431 CEO-year observations, new equity incentives are granted. Due to CEO turnover, the number of observations used to examine the determinants of new incentive grants is about 20% smaller than the number used in the incentive levels model. The median incentive e!ect of a new grant of stock-based compensation is $12,251. That is, the value of the median grant changes by $12,251 for a 1% change in stock price.
By construction, the full sample of incentive residuals from estimating Eq.
(1) has a mean of zero. Due to the loss of observations from CEO turnover as described above, the means of the residuals reported in Table 3 are not precisely zero, but are not signi"cantly di!erent from zero. The incentive residual is uncorrelated with the explanatory variables we use to estimate Eq. (2), with the exception of a small positive correlation with the dividend constraint variable. The sample consists of 4,431 CEO-year observations from 1993 to 1997, in which incentive grants are made in 3,282 CEO-years. New equity incentives is the sum of the sensitivities of grants of stock options and restricted stock made during the "scal year to a 1% change in stock price. The incentive residual is the residual from a regression of the incentives from stock options and stockholdings on their determinants as estimated in Table 2 . This residual is estimated at the end of the "scal year prior to the "scal year in which the grant of new equity incentives is awarded. Stock return is the percentage return on the "rm's stock in the "scal year in which incentives are awarded. All other variables are measured at or for the "scal year end prior to which the grant is made. Book-to-market is (book value of assets) / (book value of liabilities#market value of equity). Net operating loss is an indicator variable equal to one if the "rm has net operating loss carry-forwards in any of the three years prior to the year the new equity grant is awarded. Cash #ow shortfall is the three-year average of [(common and preferred dividends#cash #ow from investing!cash #ow from operations)/total assets]. Dividend constraint is an indicator equal to one if the "rm is dividend constrained in any of the three years prior to the year the new equity grant is awarded. We categorize a "rm as dividend constrained if [(retained earnings at year-end#cash dividends and stock repurchases during the year)/the prior year's cash dividends and stock repurchases], is less than two. If the denominator is zero for all three years, we also categorize the "rm as dividend constrained.
Speci"cation checks described in Section 5.2 indicate that our inferences are not a!ected by potential cross-sectional dependence and serial correlation in our pooled time-series cross-sectional regression models.
We assume that the "rm simultaneously chooses whether to make a grant of equity incentives, and the magnitude of the incentive grant conditional on making a grant. Following Heckman (1979) , we model these two decisions as a simultaneous system, consisting of a probit model for the option grant decision and a linear regression model for the grant size decision (Appendix B describes our application of the Heckman model in greater detail):
if a grant is made and 0 otherwise.
A "rm makes a grant when the latent variable OH measuring the net bene"ts of a grant is greater than zero in Eq. (4). Contingent on having decided to make a grant, which occurs with probability less than one, we assume that the "rm determines the size of the grant based on the model shown in Eq. (5). In this model, full data on the independent variables are observed, but data on the equity incentives are observed only when a grant is made.
When x "x and is restricted to equal in the Heckman model, the Tobit model results. Consistent with the literature on stock option incentives, we "rst report the results of Tobit models. The principal advantage of the Tobit model is that it combines Eqs. (4) and (5) into a single regression that allows for a compact presentation and interpretation of our results. We relax the restriction that " below. The Tobit results reported in Table 4 indicate that the incentive residuals, or deviations from optimal incentive levels, are an important determinant of grants of equity incentives. As with the speci"cations for the level of portfolio equity incentives, the incentive grant results are based on a pooled regression model with year indicator variables. The speci"cation in Column 1 of Table 4 includes only the incentive residual. Consistent with our hypothesis that grant levels re#ect an adjustment of CEOs' incentives toward their optimal level, we observe a signi"cantly negative coe$cient on the incentive residual. The !0.47 marginal e!ect of the incentive residual indicates that a CEO whose incentives are 10% below average receives a grant that is approximately 5% higher than a CEO with an optimal level of incentives. The magnitude of this marginal e!ect The sample consists of 4,431 CEO-year observations from 1993 to 1997. t-statistics (in parentheses) are based on maximum likelihood standard errors. The dependent variable is log(New incentive grant#1) R . The Tobit estimation procedure jointly estimates the probability of a grant and the size of a grant for the grant observations and non-grant observations. All variables are de"ned in Table 3 . Coe$cients on 19 industry indicator variables and 4-year indicator variables are not shown.
indicates that "rms use equity grants to make a partial, but not full, adjustment to correct the deviation from the optimal incentive level.
Note that an implicit assumption underlying our hypothesis is that "rms are able to increase CEOs' portfolio levels of incentives through grants of equity incentives. Ofek and Yermack (1997) "nd that executives sell 0.16 shares of stock for each option they are granted. They interpret this result as evidence that executives unwind the incentive e!ects of new grants. However, this interpretation assumes that one newly granted option provides roughly the same equity incentives as 0.16 shares of stock. In our sample, we estimate that a newly granted option provides equity incentives that are equivalent to approximately 0.75 shares of stock, on average. We con"rm the Ofek and Yermack (1997) result that the number of common shares owned by an executive in our sample decreases slightly following a new grant. However, we "nd that, on average, CEOs sell only 20% of newly-granted incentives (not tabulated). Thus, the total incentives provided by a CEO's equity portfolio increase substantially in the year a grant is made.
The results reported in Column 2 of Table 4 reveal that the inclusion of variables that control for "rms' use of equity compensation as an alternative to cash compensation has little e!ect on the magnitude and signi"cance level of the incentive residual. Consistent with "rms choosing to provide a portion of total compensation in the form of equity, likelihood ratio tests reject the exclusion of the seven economic determinants and 19 industry indicator variables that control for the use of stock compensation as a substitute for cash compensation.
Our "ndings indicate that equity compensation is signi"cantly higher for larger "rms and for "rms with greater growth opportunities, consistent with the hypotheses of Smith and Watts (1992) . The signi"cantly positive coe$cients on cash #ow shortfall and dividend constraints are consistent with "rms using equity compensation when cash is constrained and stock options when retained earnings are constrained.
In addition, grants of incentives exhibit a positive relation with "rm performance, as evidenced by the signi"cantly positive coe$cient on current period stock return. However, because the stock return is measured over year t, its relation to incentive grants is potentially spurious. Since the stock return is correlated with changes in log(market value) and book-to-market from year t!1 to year t, it could capture changes in the optimal incentive level during the year that the grant is made. In addition, our measure of new incentives granted during year t varies with the grant date stock price, which is positively correlated with stock return during year t. For these reasons, we exercise caution in interpreting the positive coe$cient on the year t stock return as evidence that higher performance is rewarded with larger incentive grants. Our inference on the remaining variables is unchanged if we exclude the stock return variables from our estimation of Eq. (2).
As indicated above, the Tobit model restricts the coe$cients on the explanatory variables to be the same in both the grant decision probit speci"cation and the grant level OLS speci"cation. In Table 5 , we present a Heckman two-stage estimation of Eq. (2) that examines the determinants of the choice to grant stock-based compensation separately from the choice of grant size. As in the Tobit regressions, we report results for the pooled sample over the years The sample consists of 4,431 CEO-year observations from 1993 to 1997. t-statistics (in parentheses) are based on maximum likelihood standard errors for the probit model and Heckman (1979) standard errors for the OLS regression. The Heckman procedure consists of a "rst-stage probit estimation of the probability of a grant, and a second-stage OLS estimation of the size of a grant for the grant observations only. The dependent variable is log(New incentive grant#1) R . The inverse Mills ratio re#ects the fact that the grant observations are predictable. All variables are de"ned in Table 3 . Coe$cients on 4-year indicator variables not shown in Column (1). Coe$cients on 19 industry indicator variables and 4-year indicator variables not shown in Column (2). 1993}1997, with year indicator variables. The "rst column reports a maximum likelihood estimation of a probit model for the determinants of a grant. In 26% of the "rm-year observations, no grant is made. For the "rm-year observations when a grant is made, the second column presents an OLS estimation with log(New incentive grant#1) as the dependent variable. The t-statistics presented are based on Heckman (1979) standard errors.
The probit model for the grant decision has signi"cant explanatory power (p-value(0.001), but a low pseudo-R of 5.9%. Ofek and Yermack (1997) also report a low pseudo-R using a similar sample and dependent variable, but di!erent explanatory variables. We "nd that the primary determinants of the decision to make a grant are the incentive residual and "rm size. In addition, "rms with better contemporaneous stock price performance are more likely to make grants. The coe$cient on the incentive residual is negative and signi"cant. The !0.16 coe$cient indicates that the probability of a grant increases by 0.5% for a CEO whose incentives are 10% below average. The signi"cantly positive coe$cient on "rm size is consistent with the probit results in Ofek and Yermack (1997) .
The second-stage OLS regression examines the determinants of equity grant size, conditional on a grant being made. The explanatory power of this model is substantial, with an adjusted R of 35.5%. The coe$cient on the incentive residual is negative, but insigni"cant. Thus, the additional insight of the Heckman model over the Tobit model is that the incentive residual appears to in#uence the expected magnitude of equity grants through the probability of a new grant, but not through an association with the grant size. The remaining explanatory variables } book-to-market, log(sales), free cash yow, dividend constraint, and stock return } have the expected signs and are signi"cant.
In the last column of Table 5 , we report the Heckman marginal e!ects computed at the means of the variables. The marginal e!ects combine the probit and OLS results into a measure of the overall association between the size of incentive grants and the explanatory variables. The Heckman and Tobit marginal e!ects have the same sign for each variable, indicating that the overall inference from the two models is identical. The !0.33 marginal e!ect of the incentive residual in the Heckman model is smaller than the e!ect shown for the Tobit model in Table 4 , and indicates that a CEO whose incentives are 10% below average receives a grant that is approximately 3% higher than a CEO with an optimal level of incentives.
Sensitivity analyses
Consistent with our hypothesis, the results in Section 4 indicate that incentive grants are negatively related to deviations from the optimal level of equity incentives. To ensure the robustness of our results, we perform several sensitivity checks. As we report below, none of these tests yields di!erent inferences from those reported above.
We exclude data from the grant year and all future years to avoid inducing a mechanical negative relation between the incentive residual and the magnitude of the new equity grant. In the absence of this procedure, a mechanical relation could result because the "rm-e!ects estimation forces the time-series mean residual for each "rm to be zero.
Alternative specixcations of Eqs.
(1) and (2) We perform a number of sensitivity tests to ensure that outliers are not driving our results. All results are robust to removing or winsorizing the CEOs with the largest and smallest 1% (or 5%) of equity incentives in each year. All of the results are also robust to removing or winsorizing the CEOs with the largest and smallest 1% (or 5%) of incentive residuals in each year. Finally, the inferences are una!ected by deleting CEOs that receive no incentive grants over the sample period, con"rming that the results are not driven by CEOs to whom no incentive grants are given.
Our results in estimating Eq.
(2) are robust to a number of di!erent speci"cations of the "rst-stage model, Eq. (1). We obtain qualitatively the same results if:
(1) we use the total variance of stock returns instead of idiosyncratic risk; (2) we proxy for the concave relation between monitoring di$culty and incentive levels with idiosyncratic risk and idiosyncratic risk squared instead of the log(idiosyncratic risk); or (3) we use log(sales) as a proxy for "rm size instead of log(MV equity).
The estimation of Eq. (1) reported in Table 2 assumes that the economic determinants and industry di!erences are su$cient to explain optimal incentive levels, and that any remaining "rm-speci"c variation re#ects a deviation from the "rm's optimal incentive level. Palia (1998) and Himmelberg et al. (1999) argue that there may be "rm-speci"c di!erences in monitoring technology not captured by the economic determinants and industry di!erences, and that these di!erences in#uence optimal incentive levels. Following their approach, we capture these "rm-speci"c e!ects with a "rm-e!ects estimation of Eq. (1) that replaces the industry indicators with an indicator for each "rm. For each grant year t, we obtain year t!1 incentive residuals by estimating a pooled, timeseries regression using data from all years up to and including year t!1. In addition to the "rm indicator variables, we again include year indicator variables.
The "rm-e!ects results presented in Column 1 of Table 6 are consistent with the Eq. (1) results from the industry-e!ects speci"cation in Table 2 . The Eq. (1) speci"cation presented includes data from 1992 to 1996. We use this speci"cation to estimate "rm-e!ects incentive residuals for 1996, which are used as an explanatory variable for the 1997 grant. The results from speci"cations that generate residuals for 1993, 1994 and 1995 are similar, but are not tabulated. Log(MV equity), book-to-market, and log(CEO tenure) obtain signi"cant coe$cients with the predicted signs. Similar to the "ndings of Palia (1998) , log(idiosyncratic risk) is insigni"cant, possibly because this measure has little annual variation due to the overlap in the three-year periods over which the measure is computed. The di!erences in coe$cient magnitudes between the industry-e!ects and "rm-e!ects models suggest that the "rm-e!ects model is controlling for unobserved "rm characteristics that are correlated with the observed characteristics (Himmelberg et al., 1999) .
The results from using the "rm-e!ects residual as an explanatory variable in Eq.
(2) are reported in Column 2 of Table 6 . Because we require at leastthree CEO-year observations for each "rm to estimate the "rm-e!ects procedure (two observations for Eq. (1) and one future year for Eq. (2)), the sample is reduced to 3,237 CEO-year observations. The qualitative inference from this estimation is consistent with the results reported in Table 4 . In particular, the coe$cient on the incentive residual has the predicted negative sign and is signi"cant.
Alternative standard errors
Positive correlation in the regression error terms across "rms, or within "rms, would understate the standard errors of the coe$cients in the pooled time-series cross-section regression, and thereby overstate the t-statistics (Smith and Watts, 1992) . To address the potential cross-sectional dependence in the error terms, we use Fama}MacBeth (1973) regression procedures for the models in Tables 4 and  5 and the Tobit model in Table 6 . Speci"cally, we estimate annual crosssectional regressions and assess the signi"cance of the time-series mean coe$cient using the standard error of the annual coe$cients. The signs of the estimated coe$cients and inferences are una!ected by this procedure. In particular, the incentive residual remains signi"cantly negative in both the Tobit and probit models, with substantial negative marginal e!ects in both models.
To address the potential time-series dependence in the error terms within "rms, we randomly select one observation per "rm and re-estimate the models in Tables 4 and 5 . The random sample contains 1,255 observations for which incentive grants are made in 73% of the "rm-years. The signs and signi"cance levels of all estimated coe$cients are una!ected by this procedure. The sign and signi"cance level of the estimated coe$cient on the incentive residual is una!ected when we randomly select one observation per "rm and re-estimate the Tobit model in Table 6 .
Controls for CEO trading behavior
Janakiraman (1998) "nds evidence consistent with the hypothesis that "rms grant more options when they expect CEOs to reduce their incentive levels through option exercises. We measure the yearly change in CEOs' incentives due to trading activities as the logarithm of one plus the percentage change in The sample for the estimates of portfolio incentives model reported consists of 5,268 CEO-year observations from 1992 to 1996. We use this speci"cation to estimate "rm-e!ects incentive residuals for 1996, which we use as an explanatory variable for 1997 incentive grants. The results from speci"cations that generate residuals for 1993, 1994, and 1995 are not tabulated. All variables for this model are de"ned in Table 1 . The "rm-e!ects estimator estimates a separate intercept for each "rm. The sample for the Tobit estimates of incentive grants consists of 3,237 CEO-year observations from 1994 to 1997, in which grants are made in 2,430 CEO-years. The "rm-e!ects (FE) incentive residual is computed using all "rm-year observations prior to the year in which the grant is made. The remaining variables for this model are de"ned in Table 3 . Coe$cients on 19 industry indicator variables and 3-year indicator variables are not shown.
Note that because the sales of incentives by the CEO are readily observable, neither Janakiraman's (1998) "ndings nor our "ndings imply that the CEO uses trading activities to manipulate the board into granting more incentives. Rather, we infer from these results that the board wishes to replenish the CEO's incentives after he has realized compensation. CEO portfolio incentives from trading during the year: log[(CEO equity incentives at end of year t)/(CEO equity incentives at beginning of year t valued at end of year t#grants of equity incentives during year t valued at end of year t)].
For a CEO who maintains a passive strategy with respect to equity incentives (i.e., the CEO retains all new grants, continues to hold all options and stock held at the beginning of the year, and makes no stock purchases), this measure has a value of 0. Positive (negative) values of the measure indicate that the CEO's trading activities during the year increased (decreased) his incentives. We use this incentive change measure in year t!1 as a proxy for the "rm's forecast of the CEO's trading activities in year t. If a CEO is risk-averse and poorly diversi"ed with respect to his "rm-speci"c wealth, sales of equity should be higher when the level of the CEO's equity incentives is above the optimal level. In addition, it is our hypothesis that a "rm is more likely to permit its CEO to realize compensation when his incentives are above the optimal level. In support of this hypothesis, we "nd that CEOs with incentives above the optimal level sell higher proportions of their holdings than CEOs with incentives below the optimal level.
To determine whether this association between trading behavior and incentive levels in#uences our "ndings, we re-estimate the model (2) regressions in Tables 4 and 5 with the measure of expected CEO trading activities included as an additional regressor. Consistent with the "ndings of Janakiraman (1998), we "nd that incentive grants in year t are larger when the CEO has sold more incentives in year t!1. However, the incentive residuals continue to have a signi"cantly negative association with the magnitude of incentive grants.
Comparison using the Jensen}Murphy (1990) measure of CEO incentives
To ensure that our inferences are una!ected by our choice of incentive measure, we re-estimate Eq. (1) and Eq. (2) using the Jensen}Murphy (JM, 1990) measure of portfolio incentives de"ned in Section 2.1, and report the results in Table 7 . Recall that the JM measure is equal to our measure (prior to logarithmic transformation) divided by the market value of the "rm and multiplied by $100,000. The R for Eq. (1) is 16.1%, consistent with prior research that uses percentage ownership as a dependent variable. The coe$cients have the same signs as the corresponding coe$cients in Table 2 , with the exception of the Table 7 Sensitivity analysis using Jensen and Murphy (1990) coe$cient on log(MV equity). Log(MV equity) is now signi"cantly negative, consistent with the "ndings of Demsetz and Lehn (1985) , Bizjak et al. (1993) , and Baker and Hall (1998) . In Table 2 , we predicted and found a positive coe$cient on size which is less than one, consistent with CEO incentives growing as a concave function of "rm size. Table 7 also presents results from a Tobit estimation of Eq.
(2) using the JM incentive measure. Consistent with our hypothesis, we "nd that the incentive residual remains signi"cantly negatively associated with grants of new incentives. However, consistent with Yermack (1995) , and in contrast to our "ndings in Table 4 , the speci"cation in Table 7 yields results that are inconsistent with economic intuition, in that growth opportunities and stock return exhibit signi"cantly negative associations with grants of incentives. The fact that we are able to replicate Yermack's (1995) "ndings with a later sample and a more comprehensive measure of equity incentives suggests that Yermack's "ndings stem from using the JM fractional incentive measure, not from problems with measurement error or power.
Conclusion
This paper examines whether "rms' use of CEO equity incentives and stockbased compensation is consistent with economic determinants and an optimal contracting perspective. Building on the hypothesis of Demsetz and Lehn (1985) , we make the joint hypothesis that "rms set optimal levels of CEO equity incentives and that "rms use new grants of equity incentives, such as stock options and restricted stock, to correct deviations from these optimal incentive levels. Our results support these predictions. Firms not only set an optimal level of CEO incentives, but "rms actively manage to this level by varying incentive grants.
We "nd that the hypothesized determinants of equity incentives explain a signi"cant portion of the variation in CEOs' portfolios of equity incentives. We use the residual from an incentive levels model as a proxy for the deviation between the CEO's existing level of incentives and the CEO's optimal incentive level. Consistent with our hypothesis that "rms use the grants of new incentives to correct deviations in CEOs' portfolio holdings of incentives, we "nd that grants of new equity incentives to CEOs are negatively related to this residual. Grants of new equity incentives are also positively associated with variables that proxy for "rms' desire to use stock compensation in lieu of cash compensation.
In contrast to the "ndings of previous researchers (e.g., Yermack, 1995) , our overall evidence is consistent with "rms e!ectively using grants of equity incentives, and is consistent with economic theory of optimal contracting. The di!erences in our "ndings stem from three innovations in our research methodology. First, our theory and tests distinguish between CEOs' portfolio holdings of equity incentives and new grants of equity incentives. As Yermack (1995) recognizes, a potential problem with his tests and similar tests, such as recent studies by Bryan et al. (1999) and Janakiraman (1998) , is that predictions that apply to portfolio holdings of equity incentives are tested on a single year incentive grant (which is only the most recently added portion of the CEO's portfolio of incentives). Second, we measure equity incentives as the total incentives provided by stock and stock options, and show that the explanatory power for these total incentives is much greater than for stock alone. Previous studies have tended to examine the determinants of levels of stock or option holdings in isolation.
Finally, we proxy for the incentive e!ects of CEOs' stock and option holdings using the change in the value of stock and option holdings for a 1% change in the stock price. Previous researchers, such as Demsetz and Lehn (1985) , Morck et al. (1988) , Jensen and Murphy (1990) , and Yermack (1995) use measures related to the fraction of the "rm owned by the CEO. These fractional ownership measures are equivalent to our measure of incentives de#ated by the market value of the "rm. Sensitivity tests using fractional ownership con"rm the puzzling results of Yermack (1995) , while tests using our measure yield the results predicted by theory. This contrast suggests that the use of fractional equity ownership as a proxy for CEO incentives can produce results that run counter to economic intuition, at least in the case of grants of equity incentives. A fruitful avenue for future research would be to re-examine other counterintuitive "ndings that have been obtained with fractional ownership measures (e.g., the Morck et al. (1988) and related "ndings that higher fractional ownership can lead to better "rm performance).
Appendix A. Calculating option portfolio sensitivities
A.1. Black}Scholes (1973) sensitivities of individual stock options
Estimates of the sensitivity of a stock option's value to changes in price are calculated based on the Black}Scholes (1973) formula for valuing European call options, as modi"ed to account for dividend payouts by Merton (1973) .
where Z"[log(S/X)#¹(r!d# /2)]/ ¹ , N is the cumulative probability function for the normal distribution, S the price of the underlying stock, X the exercise price of the option, the expected stock-return volatility over the life of the option, r the risk-free interest rate (treasury yield corresponding to time-to-maturity), ¹ the time-to-maturity of the option in years, and d is the expected dividend rate over the life of the option.
The partial derivative of the Black}Scholes value with respect to stock price is expressed as: *(option value)/*(price)"e\B2N(Z).
The sensitivity of stock option value with respect to a 1% change in stock price is de"ned as:
Sensitivity of option value to stock price"e\B2N(Z) * (price/100).
A.2. Estimating the sensitivity of stock option portfolios } Core and Guay (1999) The two error terms are assumed to be normally distributed with correlation . The error term in the linear regression model of Eq. (5) has standard deviation , and the standard deviation of the error term in the probit model of Eq. (4) is normalized to one.
Under these assumptions, the expected value of the logarithm of the grant's incentives, given that the grant is made, is equal to:
, the inverse Mills ratio, is a decreasing function of the probability that an option grant is made, and is equal to
where are the coe$cients from the probit model and (z) and (z) are the density and cumulative density, respectively, of the standard normal. Note that Eq. (B.3) implies that regression estimates of will su!er from an omitted variables bias if ordinary least squares is used to estimate Eq. (B.2).
When x "x and is restricted to equal , the Tobit model results. In this model, the expected value of log(New incentive grant#1), given that a grant is made is equal to 
